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FOREWORD

This report summarizes research conducted under Contract Number

DAAD05-73-C-0526 from June 6, 1973, through June 6, 19'4. The research was

performed by the Columbus Laboratories of Battelle Memorial institute

under the auspices of the U. S. Army Land Warfare Laboratory, Aberdeen

Proving Ground, Aberdeen, Maryland, 4ith Mr. Joe Swisher and Mr. Larry Baer

serving as project monitors. The principle investigators were R. J. Dick,

P. M. Grandinetti, N. C. Henderson, G. R. Riley, and D. E. Roop.
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FINAL REPORT

on

CAMOUFLAGE BY ARliFICIAL FOLIAGE

by

N. C. Henderson

to

U. S. Army Land Warfare Laboratory
Aberdeen Proving Ground, Maryland

INTRODUCTI ON

Camouflage techniques currently used for vehicles and aircraft

(on the ground), generally irivolve either reliance on the o~iginal color

of the vehicle (e.g., olive-drab paint), or the placement of camouflage

netting over the equipment augmented with natural foliage. The latter

camouflage technique can be very effective; however, considerable time is

involved in effecting the procedure. In addition, the foliage must be

replaced periodically since noticeable color changes occur with the "dead"

foliage within a relatively short period of time. One partial solvtion is

the use cf artificial foliage which can be rapidly attached to a combat

vehicle in the field, thus reducing the amount of time required in renewing

natural foliage camouflage.

Some time ago, the U.S. Ai;,- Land Warfare Laboratory, Aberdeen

Proving Ground, Maryland, requested th:,L Battelle briefly investigate the

use of "instant foli~gh" which would be artificial foliage, vehicvlar

mounted, automatically and rapidly deployed, and designed to provide

maximum deployed foliage volume with minimum storage requirements. The

results of this study were included in a TACTEC report entitled "Concept

Generation for Instant Foliage" (Report No. LWL-6!Q), November, 1972.
Two major concepts based largely on professional magicin;'s "tricks"

resulted from this effort. The first concept uscd the principle of a "mnigic J

bouquet" and consisted of a nLumher of spring-Ioaccd "flov..'cs'' which were

r~
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constructed from thin paper and vi'Lyl which folded into a compact volume.

Thin steel springs glued to each flower provided the forces to automatically

expand the paper.

The second idea was the adaptation of the "appearing cane",

another magic trick. The cane is constructed of thin spring steel which

in the "relaxed" state forms a spiral tube which looks (from a distance),

like a white-tipped walking cane. When the cane is compressed axially,

the volume is significantly reduced and the cane can be easily hidden in

the hand. Release of the compressed tube allows the cane to spring

rapidly into the extended position.

The '"magic bouquet" is shown compressed in Figure 1, and in

the expanded position in Figuie 2. A detail of one "flower" is shown in

Figure 3. The compressed b3uquet can be contained in a volume of 3/8 x

3 x 3 inches and expands into a volume approximating a sphere 8 inches in

diameter. This is an expanded volume-to-sLored volume ratio of about 80:1.

A photograph of the "appearing cane" is shown in Figure 4. Its

major advantages are its self-erer tig capability, speed, and general

simplicity. *

It was concluded tha istant" artificial foliage, based on the

principles of the magiciaa 's "magic bouquet' and "appearing cane", could

be effectively utilized to produce instant artificial foliage for use as

a potential camouflage technique. Although much of the effectiveness of

the foliage would depend on its color match with the background, the

mechanics of the concept appeared relatively simple and a large volume of

camouflage could be produced from a relatively small storage volume.

.)n February 2, 1973, a Request for Quotation (RFQ) was received

from the Aberdeen Proving Ground describing a need for a "pop-up" artificial

camouflage system. , research program utilizing the above principles was

submitted in response to that RFQ atidwas subsequently accepted. The following

report describes .-he Phase I research effort conducted to develop a pop-up

artificial foliage camouflage system from Juric 6 through recember 15, 1973.
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EXECUTIVE SUMMARY

The purpose of thia research program is to develop a reuseable

artificial foliage-type canmouflage system which is to be compatible with

the natural foliage of rural (3ummer.itae) Maryland. This system is to be

stored in a compact configurutiov on a vehicle when not in use and have

the capat-ility to be rapidly deployed, i.e., "pop-up" within 15 seconds,

with the capability of being repacked in approximately 15 minutes.

As a result of this research, a spriog-leaf system was developed.

This system consists of a nurber of spring leaf modules which are Ltored in

box-like containers when not -:. use. Each spring leaf will expand to many

times its storage volume of its own accord. The system is self-energizing,

i.e., tne stored opriag energy of each lenf mod'ile is sufficient to deploy

the complete system (jack-in-the-box fashion) and no additiorali energy

sources are required.

In use, a number of containers are placed on the exterior surfaces

of the vehicle. Each coutainer holds five to ten modules. Release

I of the container lid by a simple latch allows the leaf modules to "pop-up"

and expand. As a result, the ext.e'ier surfaces of the vehicle are covered

Swith realistic appearing artificial Foliage as shown in Figure 8.

Repacking is accor.plished by pu'.ling a lanyard threaded through

all of the leaf 3duies associated with a given container. The leaf

Smodules automatizally compress into a flat configuration whereby they can

be easily re-inserted into the storage container.

Visual background experiments, conducted at Battelle's West"

Jefferson outdoor test facility, verified the overall camouflage effective.~-

ness. The vehc,-le silhouette was effectively disrupted and the blending of

the foliage with the four different backgrounds tested was proven visually

Ieffective.

'wo complete camouflage systems, suitable for use with a M1I1-A2

jeep, were fabricated and shipped to the Mobility Equipment Research and

F Development Center (MERDC) at Ft. Belvoir, Virginia, for further evaluation.

Ik -
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CONCLUSIONS

Based on the research efiort conducted during this program, it

was concluded that a rapidly deployed pop-up artificial foliage syscem can

be developed which will yield a large amcunt of silhouette disrupter per

unit of storage volume and which can be recacked in a reasonable period

of time. It was further concluded that the artificial foliage can be

designed to blend effectively with a variety of natural backgrounds as

long as some indigenou! foliage is in evidence.

RECONMMENDATT ONS

It is recommended that the two prototype artificial camouflage

systems fabricated during this research program be extensively cested at

MERDC and that the results of these tests be used to further refine and

develop the pop-up foliage concept.

It is further recommended that the artificial pop-up foliage

concept be integrated into the vlhicle structure on a prototype basis .

evaluated as an inherent part of the vehicles overall defensive posture.

\ I



7

RESEARCH ACTIVITY

The overall objective of this research program is to develop

an artificial foliage-type of camouflage system, compatible with a back-

groun' environment typlified by the rural Maryland area in the surmmer time
4

frame and which can be stored in a compact configuration on a vehicle,

with the capability to be iapidly and automatically deployed, yielding a

large amou.ýt of silhouette disrupter per unit of storage volume. Additional

specific objectives and desired system characteristics defined for the

camouflage system were as follows :

(I) Attached to the vehicle

(2) Will not in~terfere with vehicle operation

in its stored mode

(3) Will be reusable following activation

(4) Easily atcached to the vehicle (within 15 minutes)

(5) Capable of disrupting the silhouette of a 1/4-ton

military vehicle at a range of 500 meters or less

(6) Caipable of being deployed in 15 seconds or less

(7) Capable of being repackaged in 15 mi.-utes or less.

The research effort conducted to meet these objectives is described

in detail below. The specific foliage Jesign resulting from this effort

is discussed first, followed by a description of other conccpts considered

during this program, materials investigation, sprint designs, container

Sdesigns, repacking concepts, a -.q fieId experiments at West Jefferson, Ohio

end Aberdeen Proving G;ro-:nd.

Descri mtion of Pout-Uu Artificial F oliage Concept

i ~The artificial foliage• concept generated during this program

is based largely on the ifc al c bouquet" described in the liltroduCtiono

Sthis report. The System. contains on~ly L,,ýo major elentents: a group of a3pring

"leaf" modules and a container for sLorage. fEhese eleqients are phol ograplied

in Figure 5 which also shows a lanyard at taciIt;g the leaf modul/e to the

LE



FIGURE 5. I'WO •L.\-JOR Ei I'MENTS OF ARTIFI,'ICAI POP-UP [,OLIA('1'
SYSTEM: (1) SPRIN, LEAF MODULE AND (2) COIIfAINER

Sy
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container. For clarity, only one leaf module is shown; however, the con-

tainer pictured will hold 20 leaf modules. Figure 6 shows a leaf module

disassembled into its two major components: its activating steel spring

and the artificial leaf material. The module shown in Figure 6 uses 65

pound cover weight light-green paper on which is printed a leaf pattern.

The actual prototype system discussed in the following section uses a

synthetic or "plastic paper" which is considerab'y more durable overall

and is essentially tearproof.

Figure 7 is a photograph of a 'clump" of 20 leaf modules positioned

next to a container which can hold all of the modules shown. In actual

use the container would be beneath the climp and therefore would not be

visible. Figure 8 shows a number of "clumps" mounted on a M38Al jeep and

illustrates the overall eliectiveness of the pop-up leaf modules as a

silhouette disrupter. A relatively good blend into the background can also

be not~ed.

Activation of the pop-up foliage merely re(,uires release of the

container latch. The latch may be a simple mechanical device (in our case,

a pin on a short lanyard) or an electrical solenoid latch may be used.
The spring contained in each leaf module supplies all of the "pop-up"

energy required and therefore no additional energy source is required

unless an electric solenoid latch is anticipated.

Repacking is accomplished by pulling a long lanyard which auto-

matically closes all of the modules. This lanyard is threaded through the

leaf modules as shown in Figure qand the result of pulling on the lanyard

is shown in Figure 10. The modules would then be replaced in the container,

the lid latched, and the system would be ready for instant reactivation.
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FIGURE 6. TWO COMPONENTS OF LEAF MODULE: (1) ARTIFICIAL
LEAF MATERIAL %XND (2) STEEL SPRING

FLGCRL, 7. CLUMP 01:F £WLN' Y L-iAF M•DULES AND ITS CONTAINER

kS+.: •-L p-: . . .. . . . .. . . . . .
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Description of Prototyne Pop-Up

Artificial FoliapeSystem

Two sets of a prototype pop-up artificial foliage system, designed

'o be attached to a M151-A2 jeep, were fabricated during this program. The

prototype system is identical in principle to the paper foliage discussed

above; however, the protitype leaf modules are physically larger, more

detailed, and considerably tougher than the paper modules. A sample of

the leaf module material used is enclosed with this report.

The material used for the "leaves" is an artificial paper,

a high density polyethylene. To obtaia tne required module material

stilffness, two sheets of high density p3lyethylene were laminated together

using Epon 828, an epoxy resin, and an amine catalyst. The leaf material

was printed with a leaf pattern using a full four-color printing process.

The leaf modules were cut from the base stock and embossed using dies

specifically made for this purpose.

The springs were fabricated from 0.030-inch thick spring steel

and assembled to the leaf material using green binding tape and tinner's

rivets. It should be noted that this assembly technique, although considered

adequate for the two prototype systems, is inadequate for any production

size quantity of leaf modules, In quantity, the springs would be bonded

to the leaf material using an adhesive and/or heat sealing, possibly

augmented with a rivet or staple-type of fastener. In addition, radar

scattering filaments should be incorporated into the adhesive used to

laminate the leaf material, and UV compatible pigments should be used for

printing.

The two prototype systems delivered during this program consisted

of 150 leaf modules, grouped together in "bundles" of 5 modules per bundle

for a total of 30 bindles. Thirty containers, fabricated from steel and

aluminum, were also supplied, i.e., one container per bundle. It was

originally proposed to attach the containers directly to the metallic

surfaces of the jecp using a double sided adhesive tape. However. removal

of the containers from the vnhiclc was found to be difficult, and .i high

Im Acro-Art• manufac tured by the Mead Paper Company.
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potential existed for damaging the p-tinted surfaces of vehicles while

removing the containers. To eliminate these problems, a system of nlon

straps, clip, and biickles was devised, which can be easily attached to

and removed from the vehicle. The leaf module bundles are snapped onto

D-rings positioned at appropriate places along the straps. Specific details

describing how to attach, erect, repack, and remove the camouflage system

(in conjunction with a standard MlSI-A2 jeep) are outlined in a "Field Manual

For Use of Pop-Up Artificial Foliage With a M151-A2 Jeep".

Figure 11 shows the camouflage leaf bundles in the packed mode on

a standard M151-A2 vehicle. Figure 12 shows the camouflage in the erected mode.

The camouflaged vehicle is shown in Figure 13 , photographed at a distance

of approximately 50 meters, and without camouflage at the same distance

in Figure i4

As can be noted in the photograph, the leaf modules provide

excellent silouette disruption of the relatively "square" body design of

the jeep. The color match of leaf modules was found unacceptable at close

distances (less than 20 meters). However, at distances greater than 100

moeters, the color mismatch was much less noticeable. The color problems noted

with the prototype system can be relatively easily corrected ii future

systems.

The embossed leaf pattern was also somewhat disappointing in that

less relief than that specified was actually produced during the embossing

process. It is also anticipated That this problem can be eliminatcd in
production by using higher embossing pressures, possibly augmented with

One of the original program requirements was that the test vehicle should
not be altered or damaged by the addition, use, or removal of the
camouflage.

_ _ _ II' !
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FIGURE 1t. ARTIF'ICIAL CA-MOUFLAGE LEAF BUINDLLS IN THE
PACKED CONFIGURATION- OLN A 'MI 51-A2 JEEP

V I CU RE 12. ARIR ICIAL CA.MOUFLAGE IN THE ERECTELD
CONFT URATION ON; A ilW-2JE
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FIGURE 13. CAMO0UFLAGED M151-A2 JEEP PH1OTOGRAPHED AT A
DISTANCE OF APPROXIMATELY 50 METETRS

FIGURE 14. tN151-A2 JEEP PllOTOGRA~jPlED AT iý
DISTANCE O)F APPROXIMAILTELY 50 METERS
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Descriytion of Major Concepts Considered

During the course of this research,a number of concepts were

generated as candidates for pop-up or easily deployable artificial foliage.

This section presents these concepts and discusses their major advantages

and disadvantages.

The first system concept generated consisted essentially of the

same spring leaf modules ultimately selected for development combined with

a spiral spring tube ("magic cane''). This concept is shown schematically

in Figure 15. The spring leaves and tube are stored in the compressed state

in a small container or module as shown in Figure 16. The spacer lanyards

allow the spring leaf cluster3 to expand fully. The container lid itself

keeps the spring leaves and tube compressed. Release of the lid allows

the spring tube and leaves to "pop-up" and expand of their own accord. A

variation of this same concept is shown in Figure 17 which also ircorporates

the fairlead clip idea to aid in folding the spring leaves.
It was discovered that the spring modules alone provided sufficient

expansion without the aid of a spring tube. For simplicity, therefore, the

spring tube was eliminated.

A second system concept generated was named the "umbrella concept"

and is shown in Figure 18. This system consisted of nylon mesh supported by

wire ribs and a central spring tube. Thin artificial leaves were to be

attached to the nylon mesh. The system would be stored in a module as shown

in Figure 19. Attachment to the vehicle and activation would be similar to

the preceding concept. The major advantage anticipated for this system

was the ability to repack the "foliage" in a relatively short period of time.

This system is also relatively simple, durable and capable of instant deployment-

A workiy.g model of this concept was constructed as shown in the

stowed position inFigure 20 and in the expanded positLion in Figure 2]. The

container used for this model is simply a square plywood box. The "branches"

were made from 0.015- nch spring steel and are 1-inch wide and 36-iinches

long. Stiffness of the branches is obtained by deformuing the cross section

similiar to the configuration used in a steel measuriiuc tape. The branciles

I are forced to "pop-up" by a small coil spring when a retaining pin is removed,
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SPRING LEAF (FOLDED.

SPRING LEAF (EXPANDED)

(/' -

RING

SPACER LANYARD

il• ' Ik .... • SPRING TUBE j--

FIGI.IRE 15. SCIIFH)',1V'1C 01" SP P\i;,:C "UBE,.SPRIM C,
LEAhiF CALOUFLFGE O/ICEPT
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TWO UP AND ANGLED /

TO DOWN-AND ANGLED/

/ --
F. /

FIGURE 16. ARTIFICIAL CAMOUFLAGE MODULE IN PACKED
CONFIGURATION S1HOINC ORIENTATION OF
COMPRESSED SPRIUG TUBES
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RIGGING CONFIGURATION COMPRESSED
ARTIFICIAL
VINYL LEAVES

SSHROUD

SPRING TUBE
4 EXPANDED)

SPACER LANYARD

/(-t

Ii,

/ I /
FAIRLEAD CLIPS / II,
USED TO RETAIN I
THE SPRING LEAVES I Ii;
WHEN STORED

/ / I II

THE CIRCLES INDICATE
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CLUSTERS WHEN FULLY
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FIGURE 17. VARIATION OF SPRING TUR- SPRING NEAF

CONCEPT W3ill FAIRLFAD CLIPS
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LEFT-HAND VIEW SHOWING RIGHT-HAND VIEW SHOWING
TRUNK ERECTED, WIRE RIBS ARTIFICIAL FOLIAGE WOVE'.
EXTENDED AND NYLON MESH I NTO NYLON MESH AS
IN PLACE PRESENTLY ENVISIONED

NYLONCOD(XAE)

~~~~~SPRING TUBE TRUNK UPRRBLE

(CCIVPRESSED) STRIGH

- 2 STORAGE B3OX

TnEE WILL ERECT USING MUSIC WIRE R!BS AND
WHNL ATIVAED E ENTIEY- STORED COMPESDSRNFGURTUB.OO

FIGVREE 19. "UI4BRELI,% CONCEPT' IN ST0'CD FOS IT 1 ON
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FIGURE 20. "UKMBRELLA CONCEPT" MOCKUP IN STOIYED POSITION

FIGURE 21. "UMBRELIA CONCEPT" MOCKUP IN EXPANDED POSITION
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and expand to a 6-foot diameter by their stored spring energy. Although

this working model illustrated basic ccncept feasibility, its potential

appeared to be considerably less effective overall than the "magic bouquet"

concept.

A third basic approach considered was named the "Christmas Bell"

concept. The approach was investigated by first determining the glue pattern

used in a number of multilayered expandable paper novelties. It was con-

cluded that the simple fabrication technique used could be adapted to almost

any material, provided that it could be joined to itself (e.g., by gluing).

Although a large expanded-volume-to-storage-volume ratio can be attained

by this technique, the storage container itself would occupy a large surface

area; this is due to the two-dimensional expansion characteristics exhibited

by this technique as shown in Figure 22.

Development of the "Magic Bouquet" Concept

Analysis of the three major concepts generated indicated that the

spring leaf ("magic bouquet") concept appeared to offer the greatest

potential for further development. its major advantages included (1)

simplicity, (2) large expanded-to-stored-volume ratio, (3) relatively small

surface area required for the storage container, (4) expands in three

dimensions, and (5) overall convincing appearance of the expanded disrupter.

A number of descrete areas of investigation were performed during

the overall development effort of the spring leaf concept. These included

materials investigation, spring design, container design, color selection,

methods of activation and repacking, and manufacturabiity.

As an aid to identify specific problem areas requiring research
Seffort, a first generation mock-up of the device was constructed, approximately

one-half projected f1ll size. The spring modules were fabricated from light

green paper and ordinary blue spring steel. A simple square steel container

with aluminum lid, 8" x 8" x 1-3/4", was also constructed as shown in

Figures 23, 24, and 25. Release of the container latch resulted in the cluster

Sshown in Figure 26.
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The favorable operation of this first generation model inspired

the design of full size second generation leaf modules. Emphasis of the

second generation module design was to increase the realistic appearance

of the "leaves" through better color match with the environment and die-

cutting of a more realistic leaf pattern. Spring stiffness was increased

proportionately. Sixty-five pound cover weight light green paper was

selected for the leaf material and a leaf pattern obtained from a photograph

of actual leaves was printed on the paper using PMS-348 ink. Although only

a single color print process was used, the overall effect was considered

reasonably good. The printing, scoring, folding, die cutting, and gluing

of the leaf material was performed by a local printing company and the

springs were manufactured by a local job shop spring company. The result-

ing module, shown inFigure 27, was a significant improvement over the

first generation modules.

On September 8, 1973, visual background experiments were conducted

at our 1,100 acre outdoor test facility at West Jefferson, Ohio. "tie modules

were placed on the vehicle manually and the vehicle was subsequently driven

to four different background locations where numerous photographs were

taken.

Figure 28 shows the M38AI jeep and the leaf modules used in the

experiment. The modules were temporarily stored in the folded mode on

rods made for this purpose. Two hundred and sixteen (216) modules are

shown in Figure 23, and the total weight of the leaf modules was approx-

imately 50.5 pounds.

Figure 29 shows the modules being attached to the vehicle. Care-

ful scrutiny of the photograph will show the printed leaf pattern on the

leaf modules. Figure 30 is a photograph of the vehicle taken at a distance

of approximately 150 feet.

Figure 31 is a front view of the vehicle indicating the partial

coverage of the camouflage modules. Figure 32 is a side vieq of the ve'hiclke

in the same pos~tlon as Figure 31, taken at a distance of approximately

100 feet. Figure 33 is a telephoto photograph of the vehicle taker, at

the same distance.

IH
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Figure 34 is a view of the camouflaged vehicle near a tree line,

taken from a distance of approximately 1500 feet and an approximate elevation

of 50 feet. Figure 35 is a tclephoto shot of the vehicle in the same position.

Figure 36 is a photograph of the vehicle maneuvering in an open
field. Figure 37 is a side view of che vehicle in the same field.

As a result of the visual demonstration of the camouflage against

the different backgrounds discussed above, it was concluded that the basic

spring leaf concept could provide an effective means to hide a vehicle,

assuming that surrounding natural foliage was in evidence. Careful scrutiny

of the photographs indicated that the artificial foliage modules should be

textured or embossed to further break-up light reflectivity, more closely

duplicating that occurring in natural foliage by individual leaves.

It required four men approximately one-half hour to "restring"

the leaf modules on the rods for ease of transport following the demon-

stration. This job was judged more time consuming than if actual con-

tainers for the modules had been used. It was estimated, however, that

two men could repack approximately 450 modules in approximately one-half

hour, assuming actual containers or boxes were used for module storage.

Field experiments were conducted at Aberdeen Proving Ground on

October 10-11, 1973, to investigate the use of the artificial foliage on

a M60 tank and to conduct night vision experiments with the paper camouflage

material. Camouflage modules were placed on the turret of a M60 tank in

combination with the General Electric alumini'ed Mylar(R) reflective screen

for the lower hull, as shown in Figure 38. Soz,,e modules were also used at

the junction of the two screens used.

The colors originally selected for the caunouflage modules ,.,ere

based on the background colors of mid-summer. The autumn colors at Aberdeen

were therefore considerably different; as a silhouette disrupter, however,

the concept was judged effective. Night vision e-xperiments using light

amplification devices indicated that the artificial foliage looked somnewhat

darker than the surroundings. Natural foliage appeared to have a greater

percentage of leaves oriented such that numerous "bright spots" were visible,

thus giving the overall appearance of brightness. The artifical foliage had

"spots" equally as bright but these ý.pots were fewer and somewhat larger.

r-
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As a result of these field experiments, a number of design modi-

fications were formulated. These included further increasing the life.-

like appearance of the modules, increasing spring strength without increase

of module weight, decreasing module density while simplifying fabrication,

increasing overall module size, increasing material strength, and providin•

an effective re-packing technique.

Embossing a leaf pattern on the leaf modules wan suggested to

more closely duplicate the reflectivity of natural fnliage. Interior die

cutting with or without embossing was also considered. Various spring

designs were formulated to increase spring forcE without significantly

increasing overall leaf module weigh: or storage volura'. One spring concept

utilized a corrugated (in cross section) design. A mOCC-up of this idea

indicated that it was expensive to manufacture and it did net function as

well as a simple rectangular (in cross section) ieaf spring. Mathematical

and experimental analysis of springs of various rectangular cross sectional

areas indicated that doubling the leaf spring thickness would effectivily

increase the resultant spring force by aight time, for the hame spring width.

Concurrently, doubling the spring thickness and halving the spring width

-Vould result in four times the spring force with the same net weight. This

approach was selected as a relatively simple solution to the problem of

increasing net spring force.

Each second generation leaf module consisted of two paper sub-

modules glued together. The leaf material required was effectively halved

by eliminating one of the sub modules. This is shown inFigure 39.

The large number of modules estimated per vehicle indicated that

the module size should be increased, thus decreasing the number of dercrete

modules required to cover a given surface area. A fifty-percent increase

in module size (by linear measurement) was selec .d.

An extensive materials investigation was conducted to increase

overall weatherability and material strength above that for thn ordinary

paper used for the second generation modules. This investigation included

consideration of (1) the feasibility of waterproofing the present material,

(2) ocher papers, and (3) other materials such as plastics and coatmercially-

available produýts whose physical properties appeared attractive to this

1k U
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application. Each of these efforts were pursued -,s follows:

Studies to Examine the Feasibility of Waterproofing the Preseat

Material. The present printed papers stock used to demonstrate a spring-

loaded leaf array was selected for waterproofing studies. These studies

were designed only to examine the feasibility of waterproofing.

Samples, approximately 3/4 x 4-inches in size, were cut from the

leaf-printed paper, placed in a constant temperature-humidity atmosphere

of 76 F 50% R.H., and weighed. A waterproofing agent ("Silicone", Chem-Sol)

was selected because of (1) its known composition of pure silicone without

adulturants; and (2) its ease of application from an aerosol can. Both

high humidity and irr-mersion studies were conducted and the results are

documented in Table 1.

One group of samples (Nos. 9-12 and 13-16, Table 1) was given a

light coat of silicone and another group of samples (Nos. 17-20 and 21-24,

Table 1) was given a heavy coat. A third group (Nos. 1-4 and 5-8, Table 1)

was not coated and was used as a control. All samples were force dried for

3 hours at 120 F and allowed to return to constant temperature- humidity

before reweighLng to determine the amount of silicone pickup.

To obtain maximum exposure to high humidity, half of each seiniple

group was placed in a dessicator containing water. The rema~ning samples

were completely imnersed in water. After 16 hours of exposure all samples

were reweighed to determine water pickup.
Stiffness measurements were made on the plain paper, the water-

proofed samples, and the "wet" samples after exposure. TAPPI test method

T 489 M-60 was used to obtain a comparative value of stiffness of the

samples. Measurements were made on the Taber Stiffnes3 Gauge which compara-

tively quantifies stiffness in units.

Data obtained .rom this study can be summarized in Tablas 2

and 3.

F I... .
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TABLE 2. HIGH HUMIDITY EXPOSURE S11JDY

Water Pickup Loss in
Group (percent) Stiffness (%)

cortrol (no coating) 53 15

light sili'.one coating 40 9

heavy silicone coating 26 3

TABLE 3. WATER IMMERSION EXPOSURE STUDY

Water Pickup Loss in
Group (percent) Stiffness (%)

control (no coating) 55 15

light silicone coating 40 11

heavy silicone coating 27 11

From the data in Table 1, it can be concluded that waterproofing

is an acceptable method of upgrading the performance of the present camou-

flage paper. There are undoubtedly other coating or treating materials

available that would help to waterproof this paper.

Consideration of Other Papers. Many different paper stocks from

parchment to outdoor poster board were considered for this application. Most

ef these were rejected because of the severe trade-off between thickness and

stiffness. Since there were no serious limitations which could not be over-

come with the present material, no further efforts were made to examine other

papers at this time.H6
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Consideration of Plastics and Commercially-Available Products.

Many plastic products such as vinyl, polyethylene, acetates, etc., are
excellent candidates for this application. However, because of the uncer-

tainties associated with current market availability of most raw plastics,

it was decided to limit the search to commercially-available materials. A

local printer who has access to embossing facilities was contacted for
assistance. The normal properties of light weight with toughness, minimum
thickness with acceptable stiffness, and color receptivity were unchanged.

Additional properties of moisture resistance, flame retardancy, and receptive-

ness to embossing were added.

After several telephone and personal contacts, three products were

* selected for study, Tensalex (Sorg Paper Company), "Acro Art" (Mead Paper

Company), and "Tex-O-Print" (Kimberly Clark). "Acro Art" was ultimately

selected because of its high tear strength and ability to retain essentially

100 percent of its strength under full immersion. This product is apparently

a totally synthetic paper and currently appears available in adequate quantity.

The major difficiency associated with the second generation spring-

leaf concept was repacking. Although not inherently difficult, the repacking

process is time consuming. Considerable effort was expended to consider
approaches to aid or facilitate a repacking process. These approaches were

segregated into three major areas:

(1' Repacking aids and equipment directly applicable

to the existing leaf module design.

(2) Redesign of the existing leaf module concept to

facilitate repacking.

(3) Throw-away leaf modules with replaceable cartridges

(for use only when. time is not available foa rc ....

The first packing procedure involved manually closing each spring leaf module

and manually holding all modules previously closed in the compressed mode

until all modules associated with a given container are compressed. Reten-

tion of the previously closed modules in the compressed state was identified

as one of the major difficulties. Figure 40 illustrates a concept to aid

in the retention of Lhe modules in the compressed mode, freeing the repacker
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to concentrate on the actual closing operation. This concept consists of

a small latch which holds the leaf module in the closed position. The

concept illustrated in Figure 40 is simply a small knotted lanyard or wire

which is fastened to one spring and slips into a slot in the mating spring

when the module is compressed, thus holding the module closed. It is

important to note that the latches must be released following placement of

the modules into the storage container.

Other ideas, such as pulling the leaf modules through a fairlead-

type arrangement were considered. The random orientation of the leaf modules

when deployed was considered to be the major drawback to this approach since

some means of orientation had to be accomplished prior to entering the

fairlead.

Since module orientation was identified as a major problem, work

was initiated to redesign the spring leaf module slightly such that it need

no orientation prior to its entry into a fairlead-type repacker. The concept

resulting from this effort is shown in Figures 41-43. Figure 41 is a photograp,

of one spring leaf module (non-operating mockup). It consists of a number

of stem-like wire springs, each with a number of relatively soft highly

compressible discrete leaves. The fountain-]ike arrangement of the wires

can be pulled into a horn-shaped fairlead by its lanyard as illustrated in

Figure 42. Figure 43 is a sketch of the leaf modules in the deployed mode.

The overall concept is similar in principle to the current spring leaf design.

The major problem anticipated with this idea is deployment, since the rela-

tively thin wires visualized for the "stems" may not contain sufficient

stored energy to be self erecting.

A conditional throwaway idea was also considered. The leaf mcdules

would ordinarly be repacked manually using one or more aids to facilitate

the process. However, during emergencies, the modules can be discarded

and replaced with a "cartridge"-type leaf module container which is either

stored on board the vehicle itself or carried in a supply vehicle. Utili-
zetion of relatively inexpensive light weight materials and increasing the

expanded volume to stored volume ratio (above that already achieved) would

strengthen the attractiveneos of this idea.
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A solution to this problem wac ultimately devised using a lanyard

threaded through all leaf modules. This technique was illustrated Pre-

viously under "Description of Pop-Up Artificial Foliage Concept".
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